Abstract The last two decades have witnessed a rapid growth of published data on the cognitive and behavioral functioning of children with fetal alcohol spectrum disorders (FASD). The main of aim of this paper is to review cognitive and behavioral data on FASD using a causal modeling framework originally proposed by Morton and Frith [1, 2] , according to which data pertinent to a neurodevelopmental disorder can be organized at three levels: neurobiology, cognition, and behavior. In this review, we confine ourselves to reviewing the studies of cognitive abilities and behavior in children with FASD. The studies of cognitive functions can be further divided into two groups: those of elementary functions (e.g., reflexive orienting responses) and those of complex functions (e.g., language, memory). There is evidence that children with FASD are slower at reflective orienting responses and exhibit deficits in associative learning. The pattern of results emerging from the studies of complex cognitive functions is that the FASD group shows performance decrements with increased task complexity. At the behavioral level, children with prenatal alcohol exposure are rated as showing deficient adaptive skills, particularly in the social domain. These children have also been observed to show deficits in executive functioning with notable behavioral and emotional regulatory problems. A broad range of risk factors including the alcohol's teratogenicity seem to interactively contribute to these cognitive and behavioral problems.
Introduction
'Fetal alcohol spectrum disorder' (FASD) is a broad term that refers to a range of morphological anomalies and cognitivebehavioral deficits seen in children with prenatal alcohol exposure. At one end of the spectrum are severely affected children who show a characteristic cluster of malformations called fetal alcohol syndrome, which is characterized by a pattern of minor anomalies on the face, growth restrictions and central nervous system dysfunction [3] . It is now known that the majority of children on the spectrum show only some or none of the above morphological anomalies, yet display significant cognitive and behavioral problems. The term, alcohol related neurodevelopmental disorder (ARND), has been introduced to describe such neurodevelopmental problems that are seen in the absence of clinically discernable morphological anomalies [4] . Identification of children with ARND is clinically challenging because the neurocognitive profile of these children substantially overlaps with the profiles seen in other neurodevelopmental disorders, notably in attention deficit hyperactivity disorder (ADHD) and conduct disorder. Therefore, the question of whether children with FASD display a unique neurocognitive profile has received considerable attention in recent years [5] .
Since the deleterious effects of prenatal alcohol exposure were first described in the medical literature over 40 years ago [3, 6] , a large body of data on neurocognitive functioning in alcohol-exposed children has been accumulated. These data come from two main sources: retrospective studies in which clinic-referred or epidemiological samples have been compared with other groups without alcohol exposure, and prospective studies in which large cohorts have been followed up from infancy through adulthood. While most investigators have utilized standardized tests (e.g., IQ tests) or test batteries (e.g., Delis-Kaplan, CANTAB) to assess cognitive functioning and behavior in children with FASD, some have employed experimental tests. Since the standardized tests are typically 'broad-band' tests designed to assess complex functions, some investigators have utilized 'narrow-band' tests to probe elementary functions such as eyeblink conditioning and saccades.
To organize the data related to neurobehavioral functioning in FASD, we have used a framework [5, 7] based on the causal modeling approach to neurodevelopmental disorders proposed by Morton and Frith [1, 2] . Within this framework, the outcomes of prenatal alcohol exposure can be organized in a hierarchical order: neurobiological, cognitive and behavioral (see Fig. 1 ). Since there is a growing body of literature on elementary functions, we have grouped cognitive data under elementary and complex functions. Because other papers in the current volume present reviews of neurobiological findings, we confine ourselves to reviewing the observations on cognition and behavior.
Elementary Functions
The study of intermediate phenotypes or endophenotypes has proven to be a useful strategy to probe functional deficits associated with neurodevelopmental disorders such as autism and attention deficit hyperactivity disorder. Gottesman and Gould [8] define endophenotypes as "measurable components unseen by the unaided eye along the pathway between distal genotype and disease" (p. 636). Therefore, being closer to the source of pathology, endophenotypes are considered 'biomarkers' of a neurogenetic disorder. A range of elementary functions including sensory motor gating, eye tracking (saccades), P300 event related potential and eyeblink conditioning have been investigated as candidate endophenotyes in a number of neuropsychiatric disorders [8, 9] . In the area of FASD, researchers have investigated two elementary functions: eyeblink conditioning and reflexive orienting responses [10] .
Eyeblink Conditioning (EBC)
EBC is an associative learning paradigm in which the eyeblink reflex is conditioned to a neutral stimulus by pairing the neutral stimulus (tone) with an unconditioned stimulus (an air puff to the eye) [11] . In the standard delay conditioning paradigm, a tone [conditioned stimulus (CS)] is presented just before an air puff to the eye [unconditioned stimulus (US)] and the two stimuli are terminated at the same time. In trace conditioning, however, a short time interval (500 to 1,000 ms) is inserted between the offset of the tone and the onset of the air puff. It is now known that the cerebellum plays a critical role in both types of conditioning, but the hippocampus is involved only in trace conditioning. Since the cerebellum and hippocampus are both sensitive to the deleterious effects of alcohol, EBC as a potential biomarker of alcohol-induced brain damage has been investigated in both pre-clinical and clinical studies [12, 13] .
Evidence from pre-clinical and clinical studies show that animals with prenatal alcohol exposure exhibit deficits in the acquisition of EBC, as indicated by lateonset or late-peaked conditioned responses [12, 14] . Similarly, Jacobson et al. [13] found that children exposed to alcohol prenatally were markedly impaired in EBC. In the Jacobson et al. study, none of the children with FAS reached the conditioning criteria, whereas 75 % of the controls did, which was a substantial group difference. However, Coffin et al. [15] obtained evidence that children with dyslexia and those with FASD were all impaired at EBC, indicating that deficient EBC was not unique to FASD.
Orienting Responses
It is well known that one will reflexively orient attention to a salient event in the visual field, a phenomenon known as Fig. 1 Causal modeling framework of cognitivebehavioral functioning in FASD (adapted from Morton and Frith, 1995) capture of attention [16] . Similarly, an orienting reflex toward a sound is present in the auditory domain. These reflexes have received considerable attention as potential endophenotypes of neurogenetic disorders because they are subserved by welldefined subcortical neural circuits [17] and because they may reveal markers of aberrant early developmental processes.
Auditory Orienting Responses
It is known that the vagus nerve responds to metabolic changes in the brain by regulating the heart's pacemaker [18] . Therefore, researchers have used heart rate as an index of metabolic changes in the brain in response to sensory stimulation [19] . The association between heart rate and information processing has allowed investigators to examine orienting responses in infants [20] . Kable and Coles [21] utilized this methodology to investigate orienting responses to auditory stimuli by assessing heart rate deceleration in 6-month-old infants with prenatal alcohol exposure. These investigators found that alcohol-exposed infants responded slower to auditory stimuli, but showed higher levels of arousal than neurotypical controls.
Stephen et al. [22] investigated neural correlates of auditory processing in preschoolers with prenatal alcohol exposure using magnetoencephalography (MEG). The investigators recorded MEG while children listened to a series of tones, which comprised frequent (1000 Hz, 72dB) and infrequent tones (1200 Hz; 72 dB) presented in a ratio of 84:16. The location and time course of neurophysiological responses to these tones were assessed using a multipole spatio-temporal modeling technique. Results showed significant delays in M100 and M200 latencies in responses for the FASD group compared to the control. This finding indicates a slowness of the FASD group even at the early stages of information processing.
Prosaccades
Anomalies in reflexive eye tracking have been observed in a number of neurodevelopmental disorders [23] , including fetal alcohol spectrum disorders [24, 25] . The standard paradigm used to assess saccades involves having the participant move his or her eye gaze from a central fixation point toward a sudden onset peripheral stimulus (prosaccade), or to look away from the peripheral target toward its mirror image location (antisaccade). Green et al. [24, 25] found that children with FASD showed longer reaction times during prosaccades, suggesting that they had difficulty with the initiation of responses.
Our research team [26] sought to characterize the neural correlates of deficient eye tracking by recording MEG during the performance of a prosaccade task by adolescents with FASD. In line with the findings from the auditory domain [22] , the results of this study showed that M100 signals from the FASD group during prosaccades were slower than those from the control group. Therefore, evidence converging from behavioral and neuroimaging studies shows that children and adolescents with FASD are slower at the processing of sensory data.
Complex Functions
We use the term complex functions to denote those functions that involve effort and that are typically subserved by complex neural circuitries. As shown in Fig. 1 , broad neuropsychological test batteries or experimental tasks are utilized to assess these complex abilities. In this section, we will review intellectual functions, attention and executive functions and domain-specific abilities such as language, visual perception, and memory.
Intellectual Functions
Diminished intellectual functioning (a composite IQ score one to two standard deviations below the mean) is generally considered as a defining characteristic of FASD; as such, it has been used as a criterion of FASD case definitions in surveillance studies and in some diagnostic schemes. In their early studies, Streissguth et al. [27] found that a larger proportion of alcohol exposed individuals had IQs more than two standard deviations below the mean although the range of IQ scores was broad, varying from severe intellectual disability to the average range. These investigators [28] also observed that IQ scores in alcohol-exposed patients remained stable over repeated testing. There is evidence that children with FASD exhibit deficits in both verbal and nonverbal IQs [29] , suggesting a generalized pattern of intellectual impairments. Data derived from studies conducted in South Africa [30] , Italy [31] , Finland [32] and the US [33] all have confirmed a generalized patterns of intellectual deficits. Korkman et al. [32] have obtained evidence that those who were exposed to alcohol throughout pregnancy had greater intellectual deficits than those who were exposed in the first trimester only.
The foregoing studies have mostly included children who have been exposed to substantial amounts of alcohol and who have experienced numerous adverse life conditions, such as poverty and exposure to violence. May et al. [30] found that maternal variables like low education and low socioeconomic status (SES) were associated with lower intellectual ability in children with FASD. This finding raises an important question: do children from middle class background, who are exposed to mild to moderate amounts of alcohol show intellectual deficits? A number of recent studies from Denmark and the UK suggest that mild to moderate prenatal alcohol exposure in children growing up in predominantly in middle class settings do not exhibit intellectual deficits [34] [35] [36] [37] . Some have suggested that residual confounding factors such as relative affluence may explain why these children don't exhibit IQ deficits associated with moderate levels of alcohol exposure [38, 39] . Data from the Avon Longitudinal Study of Parents and children (ALSPAC) have revealed that abstainers and women drinking 7+ units of alcohol/week came from disadvantaged backgrounds compared to those drinking moderate amounts of alcohol during pregnancy [39] . There is also an emerging body of literature showing that genetic variability in mothers and their offspring may moderate the effects of prenatal alcohol exposure on cognitive functioning [38, 39] . Using the 'Mendelian randomization' [40, 41] approach, Lewis et al. [38] have obtained evidence that four genetic variants in alcohol metabolizing genes were associated with lower IQs in alcohol-exposed children at age 8. Therefore, complex interactions between genetic and environmental factors seem to determine the intellectual ability of children with FASD.
Attention and Executive Functions
Attention and executive functions have been the focus of numerous studies, because children with FASD have been clinically observed to be impaired in these areas. In one of their early studies, Streissguth et al. [42] found that children with prenatal alcohol exposure were impaired at vigilance, as assessed by a continuous performance task. Prenatal alcohol exposure was found to be associated with increased variability of responses and the number of commission errors. Since then, researchers have sought to delineate the profile of attention in children with FASD using the most fashionable theoretical framework at the time. Using an experimental framework developed by Douglas [43] , Nanson and Histcock [44] found that prenatal alcohol exposure was associated with deficient performance on attentional processes such as maintenance of effort and response inhibition. Coles et al. [45] observed impaired performances of the FASD group, compared to ADHD and neurotypical groups, on tests assessing the Encode and Shift components of the experimental paradigm proposed by Mirsky [46] . Kooistra et al. [47] contrasted the performances of FASD, ADHD, and typically developing children on the three main attentional networks formulated by Posner [48] : alerting, orienting, executive (conflict resolution). Results showed that both the FASD and ADHDcombined type groups were significantly slower than the ADHD-inattentive type and typically developing groups in the executive attention network. In a multi-site study, Mattson et al. [33] tested the utility of a broad neuropsychological test battery, including attentional tests, in differentiating children with FASD from ADHD and typically developing groups. Latent profile analyses revealed that relatively demanding tests of executive function (e.g., CANTAB Spatial Working Memory), but not simple attentional tasks (e.g., simple reaction times), differentiated between groups. Additionally, Green et al. [49] found that the FASD group was more impaired than controls on the more complex Choice Reaction Time task of the CANTAB test battery.
The pattern of results emerging from the foregoing studies is that relatively demanding components of attention (e.g., executive attention) are impaired in children with FASD. There now exists a large body of literature on executive control dysfunction in children with FASD (see Rasmussen [50] and Green [49] for reviews). Researchers have obtained evidence that children with FASD are impaired at cognitive planning [31, 49, 51] , extra-dimensional set shifting [33, 52, 53] , affective set shifting and decision making [52, 54] , verbal and design fluency [55, 56] , spatial working memory [49] , and response inhibition. Assessment of intra-test variability has revealed that children with FASD have greater difficulty with more complex items than simple ones. For example, Aragon et al. [31] found that the FASD group was more impaired than controls at solving complex planning problems, but not simple ones. Similarly, the FASD group has been observed to display greater difficulty with letter fluency than with category fluency [56] ; and has greater difficulty with extra-dimensional set shifting than with intra-dimensional set shifting [33] .
The foregoing findings on executive function deficits in children with FASD have been obtained by means of standardized or experimental neuropsychological tests. The question of whether these tests predict the alcohol-exposed child's behavior has been raised. Some investigators have reported that performance measures of some tests, particularly those that purport to measure affective set shifting and decision making, predict parent-reported behavioral problems [52] . However, in a recent study, Gross et al. [57] found that parent ratings of behavior and objective measures of executive functioning were highly discrepant. Some investigators have suggested that the laboratory tests and parent and teacher rating scales of executive functioning such as the BRIEF may not measure the same construct. It remains unanswered if ecologically valid tests of executive functioning predict the child's day-to-day behavior better than standard neuropsychological measures. Schonfeld et al. [58] reported that behavioral ratings of executive functioning in children with FASD predicted their social skills.
The question of whether children exposed to mild to moderate amounts of alcohol in utero display deficits in attention and executive functioning has been the focus of a number of recent studies. Underbjerg et al. [59] recently reported the findings from a study of selective and sustained attention in a large cohort of 5-year old, alcohol-exposed children from the Danish National Birth Cohort. These investigators did not find an association between low to moderate levels of alcohol exposure (up to eight drinks per week) and attentional problems in children. However, those who were exposed to more than nine drinks per week exhibited diminished attentional skills. The same research group also failed to find a statistically significant association between low to moderate alcohol exposure and behavioral ratings of executive functions on the BRIEF at the 5-year follow-up [60, 61] . These findings suggest that executive dysfunction observed in children with prenatal alcohol exposure may be the product of the interactive effects of multiple factors including the alcohol's teratogenicity, poverty, genetic etc. Recent evidence shows that poverty and low SES are associated with reduced executive control [62, 63] .
Language
As we remarked in our previous reviews [5, 7] , the studies of language in children with FASD have produced inconsistent results, mainly due to differences in subject characteristics and methodologies. Early prospective studies that included children exposed to low to moderate amounts of alcohol prenatally did not find an association between language development and prenatal alcohol exposure [64] [65] [66] . In contrast, early studies of language development in children with substantial amounts of exposure have reported a broad range of impairments, including oral motor, linguistic, and semantic skills [67, 68] . Carney and Chermak [68] found an age effect, with younger children showing global language delays and older children displaying primarily syntactic deficits. International studies of FASD have provided fresh insights into the nature of language impairments associated with prenatal alcohol exposure. Adnams et al. [69] found that children with fetal alcohol syndrome from an impoverished community in South Africa displayed most pronounced deficits on the language scale of the Griffiths Scale of Cognitive development. Subsequent studies conducted in South African and Italy have revealed impaired skills in grammar comprehension as assessed by the Test for Reception of Grammar [30, 70] .
In North America, a number of investigators have sought to characterize the profile of language skills in alcohol-exposed children utilizing standardized test batteries such as the Test of Language Development and the Clinical Evaluation of Language Fundamentals [71, 72] . These investigations reported that alcohol-affected children displayed deficient skills in both expressive and receptive language, which were nonetheless considered commensurate with their reduced intellectual abilities [71] . Wyper et al. [72] found that older children had greater difficulty than typically developing age peers on relatively demanding tasks such as word ordering and morphological comprehension. There is also consistent evidence that older children have difficulty with demanding verbal tasks such as those involving executive functioning (e.g., Letter and Category Fluency) [55, 56] and reading subtle social cues (e.g., social communication) [73, 74] .
As discussed in previous sections, a number of recent reports have indicated that prenatal exposure to low to moderate amounts of alcohol may not be associated with cognitive deficits including language [39] . Zuccolo et al. [39] found that the offspring of women reporting moderate amounts of alcohol before and during early pregnancy had higher scores on Key Stage 2, a test of academic achievement including a measure of vocabulary, than those born to mothers who reported lighter drinking. As mentioned above, those moderate drinkers came from more affluent backgrounds than did lighter drinkers. There is a substantial body of literature showing that language input (e.g., parents' speech) is a robust predictor of the development of syntactic and semantic skills [75, 76] . Therefore, it is possible that alcohol-exposed children growing up in affluent families benefitted from their enriched environments (e.g., increased language input). O'Leary et al. [77] have, however, underscored the importance of assessing dose and timing of exposure when evaluating the association between prenatal alcohol exposure and language delay. These investigators found that although low levels of alcohol consumption were not associated with language delay, there was a nonsignificant 30 % increase in risk when moderate to heavy exposure took place in the third trimester [78] .
Memory and Learning
The effects of prenatal alcohol exposure on memory and learning have been investigated using standardized neuropsychological test batteries and specific experimental tasks. More recently, investigators have begun to delineate the neural correlates of learning and memory deficits in alcohol exposed children using neuroimaging methods (See Moore et al. in the current issue). The studies that have utilized broad neuropsychological test batteries such as the Wide Range Assessment of Memory and Learning (WRAML) have shown that children with FASD are impaired at both verbal and visual learning [79] [80] [81] . Using structurally comparable verbal and visual memory tests (CVLT and Biber Figure Learning) , Mattson and Roebuck [82] found that that the FASD group was deficient in learning and recall of information across all measures. However, some investigators who had used the Children's Memory Scale to assess learning and memory had found alcohol exposure related deficits only in the verbal domain (e.g., pair-associate learning) [83, 84] .
A number of studies have manipulated the complexity of materials or the level of memory support for the retrieval of the newly learned materials with a view to elucidating the processes underlying memory difficulties in children with FASD. Aragon et al. [31] demonstrated that children with FASD had greater difficulty with learning the locations of nine complex stimuli than nine simple stimuli. These investigators also reported that the FASD group was impaired at free recall of both verbal and nonverbal information, but was unimpaired at recognition memory. Other investigators have confirmed the finding that children with FASD are impaired at free recall, but not at recognition memory [85] . Since the prefrontal cortex is known to play a key role in encoding complex information and free recall [86] , it is reasonable to hypothesize that a deficit in frontal-hippocampal connectivity may be partly responsible for learning and memory deficits in FASD. Consistent with this hypothesis is the finding that alcohol-exposed children are deficient in source monitoring [87] , which is considered to be a frontally mediated process [88] . There is also evidence that the FASD group is impaired on tasks that are known to be sensitive to hippocampal functions, such as the Virtual Morris Water Maze [89] and spatial memory [90] .
In recent years, researchers have turned their attention to delineating the neural correlates of memory in children with FASD. Sowell et al. [91] examined functional MRI activation patterns in children with FASD and typically developing controls during the performance of a paired associate learning task. While the typically developing group displayed increased activation in the left medial temporal lobe, left dorsal frontal lobe, and bilateral temporal cortices, the FASD group showed reduced activation in these regions. Differences in functional MRI activation patterns have also been observed during the performance of working memory tasks by children with FASD and typically developing controls [92, 93] .
Visual Spatial and Visual Constructional
Surprisingly, perceptual skills in children with FASD have received only scant attention, despite the fact that numerous ocular abnormalities [94, 95] and hearing impairments [96] have been reported in children with prenatal alcohol exposure. Uecker and Nadel [90] reported that children with FASD were unimpaired on a test of facial recognition, but Kaemingck et al. [80] found that the FASD group showed impaired performance on a more demanding angular matching task. Recent magnetoencephalographic studies have revealed that children with FASD were significantly slower in the processing of visual and auditory information [22, 26] . These data show that alcohol-exposed children are slower than controls in processing sensory information even at very early stages. Such a slowness can hamper the integration of perceptual information at higher levels of processing.
A number of investigators have reported that children with FASD show deficient visual constructional skills as assessed by copying tasks such as the Beery Visual Motor Integration Test [80, 90] . It appears that children with FASD show performance decrements in visual construction with increased complexity, a pattern similar to that is observed in the perceptual domain.
Number Processing
The observation that children with FASD tend to perform poorer in math than in other academic subjects [97, 98] have prompted investigators to probe the association between prenatal alcohol exposure and number processing. A seminal study by Kopera-frye et al. [99] showed that the FASD group was unimpaired on simple number processing tasks, but was impaired on complex numerical reasoning tasks such as cognitive estimation. A subsequent study by Jacobson et al. [100] showed that children with substantial prenatal alcohol exposure had a specific deficit in magnitude estimate and that this deficit mediated their difficulties in calculation. The same research group has also reported [101] notable differences in fMRI activation patterns between FASD and typically developing children during the performance of a number processing task. While the control group recruited the fronto-parietal network that has previously been shown to be associated with number processing, the alcohol-exposed group recruited a diffusely distributed network. Santhanam et al. [102] also have demonstrated that children with prenatal alcohol exposure exhibited reduced fMRI activation during the performance of an arithmetic task, particularly in the areas known to be associated with number processing including left superior and right inferior parietal regions and medial frontal gyrus.
Social Cognition
In view of the evidence that alcohol-exposed animals exhibit deficits in social behavior (e.g., reduced play activities) and that alcohol-exposed humans develop a range of secondary disabilities related to social skills (e.g., inappropriate sexual behavior; trouble with the law), the question of whether those with FASD have a core deficit in social-emotional functioning has been raised [103] . Some evidence in support of the core deficit hypothesis comes from infant research in which alcohol-exposed infants have been found to show differences in temperament. Using the still face paradigm, Haley et al. [104] demonstrated that alcohol-exposed, 5-7-months old infants displayed increased stress reactivity. Molteno et al. [105•] have obtained evidence that 13-month-old infants showed deficits in elicited symbolic play, which predicted their cognitive performance at age 5. Molteno et al. [106] also reported recently that prenatal alcohol exposure was related increased infant emotional withdrawal and decreased activity levels.
Several investigators have sought to delineate sociocognitive and emotional regulatory skills in children and adults with prenatal alcohol exposure. Greenbaum et al. [107] compared FASD, ADHD, and typically developing children on a test battery measuring social cognitive and emotion processing abilities, and found that the FASD group showed weaker social cognitive and emotional processing abilities than the other two groups. Other investigators have reported deficits in social problem solving [108] , moral maturity [109] , and affective prosody comprehension [110] associated with prenatal alcohol exposure.
An important question related to social-cognitive difficulties in children with FASD concerns whether these difficulties are secondary to some other primary process, such as deficient executive functioning and intellectual disabilities. A partial answer to this question was provided in a study by Bishop et al. [111] , in which children with autism were compared with those with prenatal alcohol exposure on the Autism Diagnostic Observation Scale (ADOS). Results showed that both groups exhibited difficulty with peers and inappropriate behaviors; however, only the ASD group exhibited difficulty in initiating social interaction, sharing of affect and using nonverbal communication. This pattern of behaviors suggests that deficient social behavior in the FASD group may be associated with executive control dysfunction [58] .
Motor
Because there exist recent systematic reviews of the effects of prenatal alcohol exposure on motor function (see Bay and Kesmodel [112] ), we herein focus on the studies published since 2011. Numerous studies have reported that children with heavy prenatal alcohol exposure show deficient fine motor skills as measured by the tests such as the grooved Pegboard and Finger Tapping Test. According to parent reports, children with FASD have significant fine motor, but not gross motor delays [113] . The impact of fine motor deficits on alcoholaffected children's functional activities such as writing is unknown. Therefore, Duval-White et al. [114] examined functional handwriting performance in school age children with FASD using the Process Assessment of the Learner-2 nd Edition and Visual Motor Precision subtest of the developmental neuropsychological assessment (NEPSY). Results showed that children with FASD performed below average range on handwriting legibility and speed. However, since the study design did not include a control group, the authors had not controlled for confounding variables. Simmons and colleagues [115, 116] have investigated the alcohol-exposed children's ability to produce isometric (constant) and isotonic (graded) force. These investigators found that the FASD group was less accurate and more variable in regulating force compared to typically developing controls.
The question of whether mild to moderate levels of prenatal alcohol exposure produce motor deficits has been addressed in recent studies. Humphriss et al. [117, 118] investigated the association between prenatal alcohol exposure and childhood balance ability in children from the UK Birth Cohort Study. Children with mild to moderate alcohol exposure did not show deficits in dynamic balance (beam walking), static balance with eyes open and static balance with eyes closed. These findings are consistent with those obtained in previous studies of mild to moderate exposure [112] .
Behavioral Profile
Is there a signature behavioral profile or a behavioral phenotype associated with FASD? Researchers have attempted to answer this question by means of parent and teacher-rated questionnaires. Using a number of questionnaires including the Child Behavior Checklist, Behavioral Rating Inventory, and Conners' Rating Scale, Stevens et al. [119] sought to identify behaviors that are commonly associated with FASD. Results showed that children who were diagnosed with FASD were rated by their caregivers and teachers as having more internalizing problems, externalizing problems and attention problems. Graham et al. [120] compared alcohol-exposed children with or without ADHD, non-exposed children with ADHD and neurotypical children on the Sluggish Cognitive Tempo Questionnaire and found that specific items (e.g. forgets details, confused, forgetful, and drowsy) discriminated the alcohol-exposed group from controls.
A fundamental challenge to employing self-rated or caregiver-rated questionnaires to identify a behavioral profile is the difficulty in controlling for rater-bias. Clinicians are well aware of the fact that caregiver ratings are often influenced by the rater's emotional states, beliefs and socio-cultural background. One strategy to overcome this limitation is the application of the coherence rule, according to which the data obtained from different sources must fit together. Another strategy involves determining the predictive validity of the reported behavior; that is, whether it predicts another independent observation. In a community-based study conducted in Italy, the alcohol-exposed group was rated as showing more inattentive behaviors than controls. The inattentive behaviors, but not hyperactive behaviors, were found to be associated with their school problems [121] . Using the coherence rule, one can hypothesize that increased inattentive behaviors are associated with slow information processing on neuropsychological tests. A previous report on the neurobehavioral profile identified 'acting young for age' as a characteristic central to FASD [122] . It can be considered coherent with general cognitive disabilities in alcohol-exposed children.
Other consistent findings from the studies of behavior in heavily exposed children include increased incidence of psychiatric problems (See the paper by O'Connor in the current issue) and diminished adaptive skills. Numerous studies have documented that children with FASD have deficient adaptive skills across different domains of functioning (e.g., communication, daily living, socialization and motor). A key question pertinent to defining a behavioral phenotype concerns if children with FASD display an uneven profile of adaptive skills. A number of reports have now documented that difficulties in socialization is more pronounced in alcohol-exposed children, particularly when they grow older [123] [124] [125] [126] . There is some evidence to suggest that deficient executive function predicts social deficits in children with FASD [58] . O'Connor et al. [127] have reported that adolescents with FASD respond well to social skills training, suggesting that social skills deficits in FASD are amenable to interventions. Ware et al. [128] also have found specific patterns of association between executive dysfunction and adaptive behavior. Carr et al. [129] reported that adaptive behavior deficits were associated with sensory processing difficulties, but not with the IQ scores of children with FASD. These deficits in adaptive behaviors have been hypothesized to contribute to various secondary disabilities in this population [130] .
The data from the prospective cohort studies that are being conducted in the UK, Denmark, and Australia do not show an association between low to moderate alcohol exposure and increased behavioral problems in offspring [131, 132] . Although some have suggested that effects of alcohol exposure may be masked by factors such as residual confounding [77] , the results of these studies highlight the significance of contributions from SES, genetic, and epigenetic factors to the genesis of behavioral and cognitive problems in children with prenatal alcohol exposure.
Conclusions
In this paper, we have reviewed data from the neurocognitive and behavioral studies of FASD within a hierarchical framework. In our previous reviews, we summarized the findings as showing a generalized difficulty in complex information processing (processing of multiple elements or relations) [7] . This hypothesis is based on the observation that children with FASD show performance decrements with increased task complexity across multiple domains, resulting in relatively parallel profiles of scores for easy and complex tasks (simple planning vs. complex planning; letter fluency vs. category fluency; free recall vs. recognition; implicit memory vs. explicit memory; simple facial recognition vs. recognition of subtle emotional expressions, simple math vs. complex math etc.). Neuroimaging studies of complex information processing have shown that the performance of complex tasks requires the recruitment of multiple regions in the brain [133] . We also hypothesized that the slower processing of information associated with reduced white matter and anomalous grey matter underlies complex processing difficulty. The MEG data reported by Stephen et al. and Coffman et al. [22, 26] seem to instantiate this hypothesis. These investigators found that the FASD group was slower even at very early stage of information processing (at 100 ms). This pattern of performance at the neurocognitive level is congruent with some of the behaviors frequently observed at the behavioral level (sluggish tempo, acting young for his or her age, poor self-regulation, poor social skills etc.).
Although we are able to discern patterns in the existing data, we acknowledge that there is considerable variability. The discrepancy between the data obtained from children born to high-risk mothers, mostly from ethnic minorities in North America and the data obtained from children born to relatively affluent mothers in Europe or Australia clearly illustrate this point. In the states of the US where a surveillance study was conducted by the Centers for Disease Control and Prevention (CDC), mothers of children with FAS were found to have specific characteristics [134] . Compared to all mothers of those states, mothers who had children with FAS were more likely to be older, Native American, African American not Hispanic, unmarried, unemployed, to smoke during pregnancy, to have lower educational level and to have more live children. After birth, many of these children experience numerous adverse conditions. Therefore, poorer performance of children growing up in such environments is a result of multiple risk factors. Even among these at risk children, there is variability of test performance related to their ethnic backgrounds. Therefore, it may be reasonable to speak of multiple cognitive and behavioral profiles than a single profile. Despite the considerable variability of test data, having a theoretical framework will help organize the data and generate new ideas to move the field forward.
